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PULSATIONS OF THE R CORONAE BOREALIS STARS
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tuntv. of ?Jew ~fexico, Albuquerqlle, NM 87131
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ABSTRACT

?he radial nul~atinns of verv Iuntnolls, Inw-ass models (L/’~ -
104, solar units), which are possible renresentativcs of the R Crll
stars, have been examined. These nlll~attons are extremel.v nonadta-
hatlc. lJe find that there are in .qnme caqeg at least on- extra

{“strange”) mode which makes tnternretattnn dtfffclllt. The blue
lnstahility etlRes are also neculiar, in that there is an afirunt ex-
cursion of the hllle ed~e to the hllle for L/!l .qIlfftcfentlv lar.qe.
The ran~e of periods of the model encomns.qcs ohservcd periods of
the Cenheiri-like mlsations of actual R CrO stars.

I. INTRCDUCTION



In 5111 we present some conclusions and some conjectures.

11. RESULTS ,N.~ PROFILFJIS

One of the most fltfftclllt anfi frllstratin~ as~ects of dealing with
these very nonadlabatic pulsators is to know what “’aode’” the star 1s
pulsating In. For these ogcillatio,~s the amnlitlule IEI = 15r/ri of
the relative radial variation merely undergoes a dip at the “node”

(i.e., what would be a mde if the oscillations were perfectlv adia-
batic). Also, the phase of < mav chanRe gradually by a few radians
over an anpreclahle range of radial di9tances around the “’node’” (in-

stead of changing abruptly by ~iI radians at a node, as in the case of
perfectly adiabatic oscillations). To make matterg worge, there is
often at least one extra mode; when this ts the case, we have called
such a node a “stranEe” mode. The detailed procerttes of such a
strange moc!e depend on the connostttm cho~~-l for the model.

[Je hiqv~ Cnnstrlereri two cormogittnns. One cnngfsts of 90% hv ~!l~
of helium and 10Z carbon (called HE9C1). The other consists of ~~”~
helilm and 2% henvler el.enents, in standard nronnrttons (callcfl CcJY-

I[oclsnn 2 or CH2). The ormctties and Qnllatinn of state riata have been
obtained from the onnctev lihrarv of %ehner et al. (lq77). which RiVI?G
information only for temnerncures (T) > 12,MNl K. For T < 12,nfHl K,
.q~ecial onacitv and enllatton of state tahle~ for lWqCl have been pre-

pared and used. For T < 12,000 K and for CH2, the Stellfn~werf (1975)
onacity formllla has been used. .411 of the Iinenrlzed calclllatfons re-
ported here were carrfed nut wtch a fully nonadiahatic code simll~r to
that of Ca~tnr (1971).
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In Fiqlre 2 are plotted the magni~lldes of th~ ~.?~ative radial
variation, 15r/r!, vers~ls x = r.!!l. (fracti(,nal rafl~al .lisCance) for
the shove two nodes. In Fiqlre”3 ire shown the nha~es for these ttio
nodes, vers[ls x. me phase is in each case normalized to be exactl’~
i, at the sllrface. The phases woIIlrl be r throllqbollt the star for an
adiabatic ~; n ,Imrn to t% node and zero interior thereto for an arlia-
hatlc lC; etc. l%e annearance of the eiRenfllnctions ‘or the other two
cases examined is qualitatively the same as illustrated above.

?inallv, the blue edge~ of the instahilitv reqlons exhthit a verv
peculiar behavior, which we think is due ultimately to the -xEreme
nnnacilabaticfty of the nlllsaclons. Tn Fiqlre L IS shown t!le blue in-

stability edge on a lIertzspr(lng-Russell (II-R) diagrams for !! u ! !19
and !{E9C1. For 1. < 1’34 Lo. t!le 5111c ed~e is at “normal” Te’s - 60nO-

70Qfl K and has a slnn? rollghlv ~a:.allel to that of the Cenheid insta-
bility ~trtp. lloweves, at arnllnd L - 1!-,4 I.. the blue edza .shifzs
rat”,er ahrl:ptlv to h;gt:er TP’s, armIIId 1:?,000 K. For cormarison, also
shown is C+e bl[le edqe for ~%e same cnnnO%tCinn, %11~ fnr ‘f = 2 ‘f,J.

The anprr)xlm~e loc.ltion of Q CrFJ is also shnwn (Sch;fnberner 1975).
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